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(57) ABSTRACT

An 1nkjet recording apparatus 1 which displacements of
dots are reduced. In the inkjet recording apparatus, recording
data 1s read out from a recording builer at a period corre-
sponding to a second resolution. The apparatus determines
whether or not to delay the timing at which the readout 1s
performed by an iterval corresponding to one-half of the
period corresponding to a first resolution. The apparatus also
selects whether to drive an 1nkjet head 1n a front half or a last
half of the period corresponding to the first resolution.
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INKJET RECORDING METHOD AND
INKJET RECORDING APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to print-head drive control
techniques for inkjet printers, and more specifically to a
technique for reducing variation in discharge position
between blocks caused i time-division driving of a print
head and increasing the accuracy of registration adjustment.

2. Description of the Related Art

Recently, technologies of recording apparatuses have
been considerably advanced in accordance with the devel-
opment ol personal computers. The recording apparatuses
are structured to record an 1mage on a sheet of paper on the
basis of 1image information. In such a recording apparatus, a
recording method that has recently been attracting attention
most 1s an 1nkjet recording method 1n which recording 1s
performed by discharging ink toward a sheet of paper from
a print head. The inkjet recording method 1s advantageous 1n
that high definition images are recorded at a high speed, and
1s superior to other recording methods 1n various points such
as running cost and quietness.

On the other hand, registration adjustment 1s necessary for
high-quality printing. With regard to methods for correcting
displacements between landing points of ink drops dis-
charged from nozzles of different colors or displacements
between landing points of 1ink drops discharged from nozzles
of the same color while scanning in opposite directions 1n
the case of bidirectional printing, various techniques are
known and are incorporated 1n many products.

In a typical print head that has recently been used, nozzles
are arranged 1n a staggered pattern, as shown i FIGS. 2A
and 2B. The figures show examples 1n which 320 black (BK)
nozzles and 64 COLOR nozzles (for each color) are pro-
vided. In FIG. 2A, the BK nozzles are arranged 1n two lines:
an EVEN nozzle line including 160 nozzles with even
numbers on the left and an ODD nozzle line including 160
nozzles with odd numbers on the right. The nozzles of the
same color are arranged 1n two lines with a predetermined
pitch py 1n the y direction, and the two lines are separated
from each other by a distance px corresponding to a prede-
termined number of pixels. The nozzles 1n the two lines are
shifted from each other by a distance corresponding to
(py/2) 1n the y direction. According to this arrangement, the
print resolution of a single line can be doubled by adjusting,
the discharge timing of the two nozzle lines.

In such a case, 1t 1s necessary to correct differences in
landing points of ink drops of the same color between rasters
and differences 1n discharge direction between the EVEN
and ODD nozzle lines. These differences are not only caused
due to individual differences in the manufacturing process
but are also influenced by the ik composition, the history
such as discharge frequency, the environment in which
recording 1s performed, etc. Accordingly, even when dis-
charge timing of a certain head 1s set such that no difference
in the landing points occurs under a predetermined condi-
tion, 1t does not mean that this setting can be applied to every
case. More specifically, vanations caused 1n the manufac-
turing process of the head are, of course, adjusted before
shipping, and further adjustments must be performed 1n
accordance with the usage history, etc., as necessary. A
method of registration adjustment for correcting the above-
described differences 1s suggested 1n Japanese Patent Laid-

Open No. 2001-129985.
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A typical print head 1s driven by a drniving method 1n
which nozzles arranged 1n a single line along a column

direction (y direction) are divided into a plurality of nozzle

groups and are driven at different timings in units of the
nozzle groups. This method 1s described in detail 1n Japanese

Patent Laid-Open No. 2000-071433. According to this

method, 1.e., time-division driving of the nozzles, the speed
and stability 1n the ink-supplying process are increased and
power consumption required for the discharge 1s reduced.

FIGS. 3A and 3B are tables showing the examples 1n
which a BK nozzle line and a COLOR nozzle line, respec-
tively, are each divided mnto 16 blocks. As shown 1in the
tables, each block includes nozzles disposed at an interval of
32 nozzles. When only the EVEN nozzle line 1s considered,
cach block includes nozzles disposed at an interval of 16
nozzles. Since the nozzles separated from each other at
certain intervals are classified into the same block, each
nozzle 1s not easily influenced by the operations of the
adjacent nozzles.

With regard to methods of registration adjustment, a
method of shifting print data for each column by a plurality
of pixels or half a pixel in units of print resolution, a method
of shifting the print timing from a reference timing by a
predetermined time, etc., are known. The method of shifting
the print data for each column by a plurality of pixels 1s
performed for correcting the displacements between the
landing points of ink drops discharged from nozzles of
different colors or roughly adjusting the displacements
between landing points of ink drops discharged from nozzles
of the same color while scanning 1n opposite directions 1n
the case of bidirectional printing. As shown 1n FIG. 15, when
the print resolution 1s 600 dpi 1n the scanning direction of a
print head, the amount of shift can be set 1n unmits of 600 dpi.
In the case of halt-pixel shift, the amount of shift can be set
in units of 0.5 pixels corresponding to the print resolution,
that 1s, 1n units of 1200 dp1 1n the above-described case. In
the method of shifting the print timing from the reference
timing by a predetermined time, the print timing 1s shifted
within the time period for a single column in units corre-
sponding to a basic clock used for operating a printer
system. This 1s performed for correcting small displace-
ments due to the individual diflerences caused 1n the manu-
facturing process or the environment in which recording 1s
performed.

However, although print start positions can be shifted by
the above-described methods, the time for discharging from
the blocks included 1n a single column in the time-division
driving 1s constant. For example, when the print speed
(carriage speed) 1s 40 inches/sec and the resolution 1s 600
dpi1, the time for discharging from all of the nozzle lines 1n
a single column 1s calculated as follows:

fcolumn=(Y4o(1inch/sec))/600(dp1)=41 psec

The discharge time for each column i1s typically set by
reading a scaler provided along the moving direction of the
carriage with an encoder on the carriage. Accordingly, the
discharge time for each column 1s constant 1n a print area
where the carriage speed (scan speed of the recording head)
1s constant. The driving time for each block 1n a single
column 1s obtained by dividing the discharge time for each
column by the number of blocks. For example, in the
above-described case 1 which each column 1s divided into
16 blocks, the driving time for each block 1s calculated as
follows:

Iblock=Tcolumn/16 (blocks)=2.60 usec.
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As described above, since the time for each column and
that for each block are evenly set on the basis of the
reference timing, when the registration adjustment 1s per-
formed, the discharge start time 1s shifted while the dis-
charge time for each column 1s maintained constant. In the
known structure, the discharge time for each column in the
raster direction 1s determined by the print speed of the
carriage and the print resolution. However, 1n practice, the
print speed of the carriage 1s limited to several modes in
view ol the optimum values of the discharge frequency of
the print head, and therefore the discharge time for each
column 1s determined depending on the print resolution.

Recently, volumes of ink drops have been reduced to
achieve high-quality printing like film photographs, and 1t
has become possible to discharge ink drops of an extremely
small volume such as 1 pl to 2 pl (picoliters). Such an
extremely small ink drop forms a very small dot on a sheet
of paper. Accordingly, 1n the time-division driving in which
the discharge time differs between the blocks, there may be
a case where the discharge positions of the nozzles are not
aligned along a line. In conventional print heads, the vol-
umes of ink drops are relatively large, such as 20 pl to 50 pl,
and the dots formed by the 1nk drops overlap each other on
a sheet of paper, so that the displacements between the dots
in each column caused 1n the time-division driving are not
noticeable.

In the above-described case, the time diflerence between
the first block and the 15 block is calculated as about 39
usec by multiplying the time for each block by a factor of 15.
Although displacements between ink drops of 2 pl cannot be
noticed by human eyes, they appear as a discernible striped
pattern when the displacements occur over the entire area of
the 1mage on the sheet.

SUMMARY OF THE INVENTION

The present mnvention 1s directed to an inkjet recording
method and an inkjet recording apparatus which makes
displacements between dots as small as possible.

In one aspect of the present invention, an inkjet recording
method for moving a recording head to perform recording at
a first resolution 1n a moving direction of the recording head,
the recording head having a plurality of nozzle lines on each
of which a plurality of discharge nozzles are arranged,
includes a storing step of storing recording data 1n a record-
ing bufler; a readout step of reading out the recording data
from the recording bufler at a period corresponding to a
second resolution; a readout-timing selecting step of select-
ing whether or not to delay a timing at which the readout step
1s performed by an interval corresponding to one-half of the
period corresponding to the first resolution; and a drive-
timing selecting step of selecting whether to drive the inkjet
head 1n at least one of a front half and a last halt of the period
corresponding to the first resolution.

In another aspect of the present invention, an inkjet
recording apparatus having a movable recording head con-
figured to perform recording at a first resolution 1n the
moving direction of the recording head, the recording head
having a plurality of nozzle lines on each of which a
plurality of discharge nozzles are arranged, includes: a
recording builer which stores recording data; a readout unit
configured to read out the recording data from the recording
bufler at a period corresponding to a second resolution; a
readout-timing selecting unit configured to select whether or
not to delay a timing at which the readout unit reads out by
an 1nterval corresponding to one-half of the period corre-
sponding to the first resolution; a drive-timing selecting unit
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4

configured to select whether to drive the inkjet head 1n at
least one of a front half and a last half of the period
corresponding to the first resolution; and a setting unit
configured to set the readout-timing selecting unit and the
drive-timing selecting unit for each of the nozzles.

Further features and advantages of the present invention
will become apparent from the following description of the
embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a diagram which most clearly shows a print-head
driving method according to an embodiment of the present
ivention.

FIGS. 2A and 2B are diagrams showing nozzles arranged
in a staggered pattern i a print head.

FIGS. 3A and 3B are tables showing the nozzles divided
into blocks.

FIG. 4 1s a perspective view showing the structure of an
inkjet printer.

FIG. § 1s a rear view of a carriage.

FIG. 6 1s a block diagram showing an electrical circuit of
a printer apparatus.

FIG. 7 1s a block diagram showing the structure of a
print-head control block unait.

FIG. 8 1s a timing chart for driving a single column of a
print head when the resolution 1s 600 dpia.

FIG. 9 1s a diagram showing the relationship between a
transmission clock (H_CLK) and print-head drive data
(H_D).

FIG. 10 1s a timing chart of the print head corresponding,
to FIG. 8, showing the case in which half-pixel shiit 1s
performed.

FIG. 11 1s a diagram showing the relationship between a
nozzle-data generation timing and a discharge timing
according to a known structure.

FIG. 12 1s a diagram showing a register for generating
data 1n a period of two columns.

FIG. 13 1s a diagram showing a register for setting
discharge positions.

FIG. 14 1s a diagram showing the relationship between a
nozzle-data generation timing and a discharge timing
according to the embodiment of the present invention.

FIG. 15 1s a diagram showing that the amount of shift can
be set 1n units of 600 dp1 when the print resolution 1s 600 dp1
in the moving direction of a recording head.

DESCRIPTION OF THE EMBODIMEN'T

An exemplary embodiment of the present invention will
be described below.

First, a summary of the embodiment will be described. In
the present embodiment, an inkjet recording apparatus
moves a recording head to perform recording at a first
resolution 1n the moving direction of the recording head, the
recording head having a plurality of nozzle lines on each of
which a plurality of discharge nozzles are arranged. The
inkjet recording apparatus includes a recording buliler which
stores recording data; a readout unit configured to read out
the recording data from the recording bufler at a period
corresponding to a second resolution; a readout-timing
selecting unit configured to select whether or not to delay the
timing at which the readout i1s performed by an interval
corresponding to one-half of the period corresponding to the
first resolution; a drive-timing selecting unit configured to
select whether to drive the 1nkjet head 1n a front half or a last
half of the period corresponding to the first resolution; and
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a setting unit configured to set the readout-timing selecting
unit and the drive-timing selecting unit for each of the
nozzles.

Due to the above-described structure, the discharge from
the print head can be performed at the time interval corre-
sponding to a resolution twice as high as that of the image
data 1in the print bufler. More specifically, the discharge can
be performed at a time which 1s one-half of the time
corresponding to the resolution. For example, when the
resolution of the data in the print builer 1s 600 dpi1, the print
head can be driven at the time interval of 1200 dp1, and the
time for the time-division driving of all of the blocks 1s
reduced. Therefore, even when the resolution of the print
data 1s low, the time required for the time-division driving
can be reduce to one-half of that in the known print-head
driving method. In addition, the displacements of dots
between the blocks in each column in the time-division
driving can be reduced.

In addition, the discharge timing can be selected between
the 1200 dp1 in the front half of the column or that 1n the last
half of the column, and the resolution of the registration
adjustment 1s doubled compared to that in the known
print-head driving method. In the case 1n which the resolu-
tion 1s 600 dpi, as described above, the print data can be
shifted at the resolution of 1200 dpi. In addition, when the
half-pixel shift 1s used 1n combination, a shift of 2400 dp1 1s
possible and the resolution of the registration adjustment 1s
increased.

Accordingly, the dot displacements between the blocks 1n
a single column caused 1n time-division driving are reduced
and the resolution of registration adjustment 1s 1ncreased.

The embodiment of the present invention will be
described 1n detail below with reference to the accompany-
ing drawings. In the embodiments described below, a
recording apparatus using an inkjet recording head will be
explained as an example.

In the present specification, the term “record” (also called
“print”’) refers not only to a process of forming significant
information such as characters and figures but also to a
process ol forming images, designs, patterns, etc., on a
recording medium or processing the medium irrespective of
whether they are significant or visible to human eyes.

In addition, the term “recording medium” refers not only
to paper which 1s commonly used in recording apparatuses
but also to cloth, plastic films, metal plates, glass, ceramics,
wood, leather, etc., which are capable of receiving ink.

In addition, the term “ink™ (also called “liquid”) refers to
liquid applied to the recording medium for forming 1images,
designs, patterns, etc., on the recording medium, processing
the recording medium, or processing 1k (for example, for
solidifying or insolubilizing coloring material in the ink
applied to the recording medium) and 1s to be interpreted
broadly similar to the term “record (print)”.

In addition, the term “nozzle™ refers broadly to discharge
holes, liquid paths communicating with the discharge holes,
and energy-generating elements used for discharging ink
unless specified otherwise.

Overall Description

FIG. 4 1s a perspective view showing the structure of a
known printer. With reference to FIG. 4, a printer apparatus
1 1s provided with functional components including a car-
riage 2, a timing belt 3, a conveyor roller 4, an output roller
5, a cleaning unit 6, a carriage motor 7, and a platen 8. The
timing belt 3 1s stretched around a pulley attached to a shatt
of the carrniage motor 7 and another pulley positioned at the
opposite side. The carriage 2 1s connected to a portion of the
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timing belt 3 and 1s moved by a driving force of the carriage
motor 7 1n the horizontal direction 1n the figure. The output
roller 5 rotates slightly faster than the conveyor roller 4 so
that a moderate tension 1s applied to a sheet of paper on the
platen 8.

FIG. 5 1s a rear view of the carniage 2. In FIG. 5, the
carriage 2 moves 1n the horizontal direction (main-scanning
direction) while being supported on a shait 9. In addition, the
carriage 2 has an encoder 11 for reading a scaler 10 on the
rear side thereof. The encoder 11 reads the scaler 10 pro-
vided along the printer apparatus 1 when the carriage 2
moves. The printer apparatus 1 constantly monitors the
displacement of the carriage 2 and performs feedback con-
trol of the carrtage motor 7 on the basis of the obtained
information. In addition, the timing information for driving
the print head 1s also generated on the basis of the position
information obtained by the encoder 11.

FIG. 6 15 a block diagram showing the overall structure of
an electrical circuit included 1n the printer apparatus. With

reference to FIG. 6, the main components of the recording
apparatus include a CPU 12, a RAM 13, a ROM 14, and an

ASIC 15. Although each of the elements 1s shown as an
individual component in FIG. 6, they may also be provided
as a single LSI package in which all of the elements are
integrated. The ROM 14 stores an OS, a firmware of the
printer 1n a program area, drive tables for motors, etc. The
ASIC 15 not only controls the driving of the motors but also
performs 1mage processing, communication with a host
computer via an interface 16, ink discharge control of a print
head (recording head) 17, etc. In addition, the RAM 13
functions as, for example, a receive buller for temporarily
storing data received from the host computer, a temporary
memory (work area) used when the ASIC 15 performs
image processing, and a scroll print bufler for storing the
print data (recording data). The print bufler (recording
bufler) stores data in the form of columns corresponding to
nozzle lines of the print head. For example, data for a single
column (first column data) 1s stored in the readout order, and
then second column data, third column data, and so on, are
successively stored in accordance with the main-scanning,
direction. Data corresponding to EVEN and ODD lines may,
for example, be arranged 1n diflerent areas.

Data tables for driving the motors are expanded in the
work area. A carriage-moving motor driver (CR motor
driver) 18 and a sheet-conveying motor driver (LF motor
driver) 19 are provided for driving the carriage motor (CR
motor) 7 and a sheet-conveying motor (LF motor) 20,
respectively. The combination between the motor drivers
and the motors shown 1n the figure 1s merely an example,
and the number of motors and the number of motor drivers
may differ depending on the printer apparatus. In addition,
a power supply 21 functions as a logic power source for
driving semiconductor devices, a motor-driving power
source, and a head-driving power source for supplving
power from commercial power source.

Next, a print-head control block unit for driving the print
head will be described below. The print-head control block
unit 1s mncluded 1n the ASIC 15.

FIG. 7 1s a block diagram showing the structure of the
print-head control block unit. As 1s clear from FIG. 7, the
print-head control block unit includes three blocks: a nozzle-
data generation block (NZL_DG) 22; a nozzle-data storage
block (NZL_BUFF) 23; and a print-head control block
(HEAD_TOP) 24.

The nozzle-data generation block (NZL_DG) 22 includes
a Direct Memory Access (DMA) transieror 25, a print data
mask/latch 26, and a data rearranger 27. The DMA transferor
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235 extracts the print data expanded in the RAM 13 by DMA
transmission. In the example of print nozzle lines shown in
FIGS. 2A and 2B, when all of the nozzles are used {for
printing, the extracted data 1s 16 (bits)x10 (number of DMA
transmissions =160 (bits) for each of the EVEN and ODD
lines of the BK nozzles, and 1s 16 (bits)x4 (number of DMA
transmissions =64 (bits) for each of the EVEN and ODD
lines of the COLOR nozzles for each color (for example,
cyan). Thus, the number of DMA transmissions 1s deter-
mined on the basis of the number of nozzles being used.
The print data mask/latch 26 latches the data obtained by
DMA transmissions and masks the nozzles which are not
used on the basis of register information (not shown). At this
time, each nozzle can be masked individually. The data
rearranger 27 rearranges the data in accordance with the
blocks of the print nozzles. More specifically, the print data
1s rearranged into nozzle data lines corresponding to each

block 1n accordance with the nozzle information 1n the form
of blocks shown in the tables of FIGS. 3A and 3B.

The nozzle-data storage block (NZL_BUFF) 23 functions
as a buller unit for storing the nozzle data having the block

structure. The bufller unit consists of two buftters: a first
bufter 28 and a second bufter 29. Each buftl:

er has a structure
for storing data for a single column of all of the colors, that
1s, a structure for storing data of all of the blocks. In addition,
cach builer has as a structure including 160 bitsx2 for the
EVEN and ODD lines of the BK nozzles and 64 bitsx6 for
the EVEN and ODD lines of the COLOR nozzles of the
three colors (cyan, magenta, yellow). The bufler unit
includes two buflers for transmitting the block data of a
certain column while preparing the data for the next column.
The first butler 28 and the second buller 29 are used for
writing and reading, respectively. A selector 30 successively
selects blocks on the basis of a selection signal from a block
selector 31 included 1n the print-head control block (HEAD _
TOP) 24 and outputs the nozzle data for the selected block.

The print-head control block (HEAD_TOP) 24 includes
the block selector 31, a shift register 32, a data-transmission-
timing generator 33, a dot counter 34 for temperature
estimation, a dot counter 35 for K-value, a pulse generator
36, and dnive signals H LACTH 37, H_CLK 38, H_D 39,
and H_ENB 40 for the print head.

The block selector 31 outputs the block selection signal to
the selector 30 in the nozzle-data storage block (NZL_
BUFF) 23 in the order based on the time-division driving of
the print head, and also outputs the block selection signal to
the shitt register 32. The shift register 32 converts the nozzle
data output from the nozzle-data storage block (NZL_
BUFF) 23 and the block selection signal into serial data, and
outputs print-head drive data H_D 39. The print-head drive
data H_D 39 has eight data lines corresponding to the EVEN
and ODD lines of the BK nozzles and the COLOR nozzles
of three colors.

The data-transmission-timing generator 33 generates the

transmission clock H_CLK 38 for transmitting the print-
head drive data H_D 39 to the print head and the latch signal
H_LLATCH 37 for latching the data in the shift register in the
print head.

The dot counter 34 for temperature estimation and the dot
counter 35 for K-value function as calculators for correcting
the drive pulse width of the heat enable signal H_ENB 40
generated 1 the pulse generator 36 on the basis of the
discharge frequency of the nozzles. The dot counter 34 for
temperature estimation 1s used for changing a correction
table at an interval of several tens of milliseconds. The dot
counter 35 for K-value corrects the optimum pulse width for

the next block on the basis of the discharge frequency of the
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nozzles 1n the previous block. The heat enable signal
H_ENB 40 has a single line for the BK nozzles and two lines
for the COLOR nozzles. The reason why two lines are
provided for the COLOR nozzles 1s to distribute the energy
required for discharge by shifting the heating timing.

The reference timing for drniving the above-described
print-head control block (HEAD_TOP) 24 1s obtained by
Window 41, Column TRG 42, and Latch TRG 43 output
from a print timing generator on the basis of encoder signals
(not shown). The flag of Window 41 1s set (Window Open)
when the carriage moves 1n the raster direction and reaches
the printing posmon and 1s canceled (Window Close) when

the printing 1s finished. Window 41 has eight lines corre-
sponding to the EVEN and ODD lines of the BK nozzles and

the COLOR nozzles of three colors.

Column TRG 42 i1s a trigger signal output at the column
interval. The print resolution in the raster direction (that 1s,
the main-scanning direction and the moving direction of the
carriage) 1s defined by the interval of the column trigger.
Latch TRG 43 1s generated at an interval corresponding to
that obtained by dividing the column 1nterval by the number
of blocks. When 16 blocks are provided as in the present
embodiment, 16 pulses of Latch TRG 43 are generated in the
time corresponding to a single column.

FIG. 8 1s a diagram showing the drive timing of the print
head for a single column when the resolution 1s 600 dpi. In
FIG. 8, Column TRG 42 1s an internal signal, and
H_LACTH 37, H_ CLK 38, H_D 39, and H_ENB 40 are
drive signals of the print head. As shown in the figure, a
single column including 16 blocks 1s subjected to time-
division driving. H_D 39 1s transmitted to the shiit register
in the print head by H_CLK 38, and 1s latched at the falling
edges of H_LACTH 37. The latched drive data 1s output 1n
the next block by the heat pulse H_ENB 40, and the next
drive data 1s transmitted. Although the time interval of
Column TRG 42 varies depending on the print speed of the
carriage 2, the distance by which the carriage 2 moves for a
single column 1s Ys00 1nches.

FIG. 9 1s a diagram showing the relationship between the
transmission clock H_CLK 38 and the print-head drive data
H D 39. In order to reduce the transmission time, the
print-head drive data H_D 39 1s obtained at both the rising
and falling edges of H_CLK 38. The frequency of H_CLK
38 1s 6 MHz. With regard to the data structure of H_D 39,
bits 0 to 9 represent nozzle data, which 1s 10-bit data for the
black (BK) nozzles and 4-bit data (bits 6 to 9) for the
COLOR nozzles of each color. The next 4 bits (bits 10 to 13)
represent block selection data, based on which the block to
be driven 1s selected. Bit 14 represents data for switching the
heater, and bit 15 represents data for selecting a dummy
nozzle. However, these data are irrespective of the contents
of the present embodiment, and detailed explanations
thereof are thus omitted.

FIG. 10 shows the state in which the registration adjust-
ment 1s performed with a half-pixel shift from the timing
shown 1n FIG. 8. When the half-pixel time shift 1s performed
as shown 1n FIG. 10, the print-head drive data H_D 39 and
the heat enable pulse H_ENB 40 start at the time corre-
sponding to 1200 dpi1, which i1s one-half of the column
interval 600 dpi. Thus, the half-pixel shift 1s realized by
starting the print head driving at a position shifted by a
distance corresponding to 0.5 pixels relative to the print
resolution.

FIG. 11 shows the timing at which the nozzle-data gen-
eration block (N Z1._DG@G) 22 reads out the nozzle data from
the print bufler 1n the RAM 13 and latches the nozzle data
in the first buffer 28 of the nozzle-data storage block
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(NZL_BUFF) 23 and the timing at which the nozzle data in
the second builer 29 is transmitted to the print-head control
block (HEAD_TOP) 24 for the discharge under the above-
described print conditions. The upper half of the figure
corresponds to the case 1n which the half-pixel shift 1s not
performed and the lower half of the figure corresponds to the
case 1n which the half-pixel shiit 1s performed.

When the hali-pixel shift 1s not performed, the nozzle data
1s updated at the period of the Column TRG 42. In addition,
although the discharge from the print head 1s also performed
at the period of the Column TRG 42, the discharge timing 1s
delayed by the time corresponding to a single column since
the latched nozzle data 1s used. When the half-pixel shift 1s
performed, the nozzle data i1s extracted in the time corre-
sponding to a single column starting at the timing delayed by
the time corresponding to 0.5 pixels, and the discharge 1s
started at the timing delayed by the time corresponding to a
single column and 0.5 pixels.

Characterizing Part of Present Embodiment

The characterizing part of the present embodiment will be
described below on the basis of the above-described overall
structure.

FI1G. 1 1s a diagram which most clearly shows a print-head
driving method according to the present embodiment. FIG.
1 shows the timing at which the nozzle-data generation
block (NZL_DG) 22 generates the nozzle data and latches
the nozzle data in the first buller 28 of the nozzle-data
storage block (NZL_BUFF) 23 and the timing at which the
nozzle data m the second buller 29 1s transmitted to the
print-head control block (HEAD_TOP) 24 for the discharge.
The resolution of the print data expanded in the print bufller
1s 600 dpi.

In the print-head driving method according to the present
embodiment, the nozzle-data generation block (NZL_DG)
22 reads out the 1image data stored in the print buller at the
period corresponding to two columns. As shown 1n FIG. 1,
the discharge timing corresponds to the resolution of 1200
dp1, wrrespective of whether the half-shift 1s performed,
whereas the nozzle data (recording data) 1s read out at the
timing corresponding to the resolution of 600 dpi. For
example, 1f the data of a first column 1s read out 1n a time
period corresponding to the resolution of 1200 dp1, no data
1s read out 1n the next time period, and then the data of the
second column 1s read out 1n the next time period. Accord-
ingly, although the column interval 1s 1200 dpi, the time
interval at which the nozzle-data generation block
(NZL_DG) 22 updates the nozzle data 1s 600 dpi, which 1s

the same as the resolution of the image in the print builer.

The setting for reading out the image data at the period
corresponding to two columns 1s performed by a register
provided in the nozzle-data generation block (NZL_DG) 22.

The function of the register 1s shown 1n FIG. 12. Bits 0 to
3 (both writing and reading are possible for each bit) are set
in correspondence with the colors so that the DOUBLE
mode (reading at the period of two columns) can be set for
cach color individually, as shown 1n the figure. In the case
in which the half-pixel shift 1s set, generation of the nozzle

data 1s started at the timing delayed by a time corresponding
to 0.5 pixels (1200 dp1), as shown 1 FIG. 1.

The print-head control block (HEAD_TOP) 24 has a

function of selecting whether to drive the print head on the
basis of the data corresponding to a single column in the
front half (period) or the last half (period) in the time
corresponding to the column. The selection 1s performed by
a register provided 1n the print-head control block (HEAD _

TOP) 24. Accordingly, selection between a front-half col-
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umn driving (front-half driving) and a last-half column
driving (last-halt driving) 1s performed. Thus, the registra-
tion adjustment 1s performed by combining the results of the
above-described selection and the selection of whether or
not to perform the half-pixel shiit.

For example, with reference to FIG. 1, the black nozzle
lines may be drniven at the timing corresponding to the
combination of no half-pixel shift and front-half driving
while the cyan nozzles lines are driven at the timing corre-
sponding to the combination of no half-pixel shift and
last-halt driving, the magenta nozzle lines at the timing
corresponding to the combination of half-pixel shift and
front-half driving, and the yellow nozzle lines at the timing
corresponding to the combination of half-pixel shift and
last-half driving.

The structure of the register 1s shown in FIG. 13. In FIG.
13, bit 6 1s a switch for enabling/disabling the present

function, and bits 0 to 5 are used for selecting from between
the front-half driving and the last-half driving for the EVEN
and ODD lines of each color. According to the setting, the
discharge 1s performed 1n the 1200-dp1 driving range 1n the
front half or that in the last half, as shown in FIG. 1. This
setting 1s provided for the EVEN and ODD lines of each
color.

When the half-pixel shift 1s set, the discharge timing 1s
delayed by the time corresponding to 0.5 pixels (1200 dp1)
compared to the case in which the half-pixel shift 1s not set.
Accordingly, the discharge position can be shifted, that 1s,
the registration adjustment can be performed, by 2400 dp1 at
a maximum by combining the function described above and

the half-pixel shift.

FIG. 14 shows the timing of the print-head drive data
based on the print-head driving method according to the
present embodiment. FIG. 14 corresponds to a nozzle line
selected from the EVEN and ODD nozzle lines of each
color. As shown in the figure, two columns are considered as
a single driving unit, and the discharge 1s performed 1in the
front-half period or the last-half period in this driving unit
depending on the value set in the setting register 13 of the

print-head control block (HEAD_TOP) 24 as described
above.

According to the present embodiment, when the front-half

drive timing or the last-half drive timing 1s set for all of the
EVEN and ODD nozzle lines of all of the colors, H L ACTH
37, H_ CLK 38, H_D 39, and H_ENB 40 are output in only
one of the two columns. However, since these signals are
common to the print head, they are output in both of the
front-half and last-half periods as long as there 1s at least one

nozzle line whose setting 1s diflerent from the others.

The size of black (BK) dots are four to five times larger
than those of color dots, and they cannot be discharged at the
interval ol 1200 dpi1. However, when the print data for black
1s 300 dp1 or less, the print control according to the present
embodiment can be applied and 1ts eflects can be provided.

Accordingly, the discharge from the print head can be
performed at the time 1nterval corresponding to a resolution
twice as high as that of the image data. More specifically, the
discharge can be performed 1n a time which 1s one-half of the
time corresponding to the resolution. When the resolution of
the data i the print bufler 1s 600 dpi1, as 1n the above-
described example, the print head can be driven at the time
interval of 1200 dpi, and the time for the time-division
driving of all of the blocks 1s reduced. Therefore, even when
the resolution of the print data i1s low, the time required for
the time-division driving can be reduce to one-half of that in
the known print-head driving method. In addition, the dis-
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placements of dots between the blocks 1n each column 1n the
time-division driving can be reduced.

In addition, the discharge timing can be selected between
the 1200 dpi 1n the front half of the column or that 1n the last
half of the column, and the resolution of the registration
adjustment 1s doubled compared to that in the known
print-head driving method. In the case 1n which the resolu-
tion 1s 600 dpi, as described above, the print data can be
shifted at the resolution of 1200 dpi. In addition, when the
half-pixel shift 1s used in combination, a shift of 2400 dp1 1s
possible and the resolution of the registration adjustment
(color shift correction) between the nozzle lines 1s increased.

As described above, 1n the present embodiment, even
when the resolution of the print data 1s low, the time required
for the time-division driving of the print head 1s reduced to
one-half of that in the known print-head driving method. In
addition, the displacements of dots between the blocks 1n
cach column due to the time-division driving are reduced
and the resolution of registration adjustment 1s 1ncreased.

The present invention 1s applicable not only to inkjet
printers but also to facsimile machines, copy machines,
word processors, complex machines, etc., in which the inkjet
printers are applied.

While the present invention has been described with
reference to exemplary embodiments, 1t 1s to be understood
that the invention 1s not limited to the disclosed embodi-
ments. On the contrary, the mvention 1s itended to cover
various modifications and equivalent arrangements included
within the spirit and scope of the appended claims. The
scope of the following claims 1s to be accorded the broadest
interpretation so as to encompass all such modifications and
equivalent structures and functions.

This application claims priority from Japanese Patent
Application No. 2003-410768 filed Dec. 9, 2003, which 1s
hereby incorporated by reference herein.

What 1s claimed 1s:

1. An mkjet recording method for moving a recording
head to perform recording at a first resolution 1n a moving,
direction of the recording head, the recording head having a
plurality of nozzle lines on each of which a plurality of
discharge nozzles are arranged, the method comprising:

a storing step of storing recording data in a recording

bufler:

a readout step of reading out the recording data from the
recording bufler at a period corresponding to a second
resolution;

a readout-timing selecting step of selecting whether or not
to delay a timing at which the readout step 1s performed
by an interval corresponding to one-half of the period
corresponding to the first resolution; and

a drive-timing selecting step of selecting whether to drive
the mkjet head 1n at least one of a front half and a last
half of the period corresponding to the first resolution.

2. An mkjet recording apparatus having a movable record-
ing head configured to perform recording at a first resolution
in a moving direction of the recording head, the recording
head having a plurality of nozzle lines on each of which a
plurality of discharge nozzles are arranged, the apparatus
comprising;

a recording bufler storing recording data;

a readout unit configured to read out the recording data

from the recording bufler at a period corresponding to
a second resolution;

a readout-timing selecting unit configured to select

whether or not to delay, a timing at which the readout
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unit reads out, by an interval corresponding to one-half
of the period corresponding to the first resolution;

a drive-timing selecting unit configured to select whether
to drive the mkjet head 1n at least one of a front half and
a last half of the period corresponding to the first
resolution; and

a setting unit configured to set the readout-timing select-
ing unit and the drive-timing selecting unit for each of
the nozzles.

3. The mkjet recording apparatus according to claim 2,
wherein each of the nozzle lines in the recording head 1s
divided into a plurality of groups which are subjected to
time-division driving.

4. The inkjet recording apparatus according to claim 2,
wherein the first resolution 1s twice as high as the second
resolution.

5. An 1nkjet recording apparatus including a recording
head having a plurality of nozzle lines on each of which a
plurality of discharge nozzles are arranged, the apparatus
comprising;

a moving unit operable to move the recording head;

a recording bufler storing recording data;

a readout unit configured to read out the recording data
from the recording builer based on a readout timing to
correct a recording start position, the readout timing
corresponding to a predetermined recording resolution;
and

a driving unmit configured to drive the recording head
based on a drive timing to correct a variation 1n
discharge positions, the drive timing corresponding to
the predetermined recording resolution,

wherein the driving unit drives the recording head to
output the recording data read out by the readout unit,
and performs recording at the predetermined recording
resolution 1 a direction 1 which the moving umt
moves the recording head, and

wherein a period of the readout timing corresponds to
one-half of a period corresponding to the predeter-
mined recording resolution.

6. An inkjet recording apparatus including a recording
head having a plurality of nozzle lines on each of which a
plurality of discharge nozzles are arranged, the apparatus
comprising:

a moving unit operable to move the recording head;

a recording bufler storing recording data;

a readout unit configured to read out the recording data
from the recording builer based on a readout timing to
correct a recording start position, the readout timing
corresponding to a predetermined recording resolution;
and

a drniving umt configured to drive the recording head
based on a drive timing to correct a variation in
discharge positions, the drive timing corresponding to
the predetermined recording resolution,

wherein the driving unit drives the recording head to
output the recording data read out by the readout unit,
and performs recording at the predetermined recording
resolution i a direction 1n which the moving unit
moves the recording head, and

wherein a period of the drive timing corresponds to at
least one of a front half and a last half of a period
corresponding to one-half of a period corresponding to
the predetermined recording resolution.
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